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ABSTRACT

Most modelsfor the origin and evol ution of the Snake
River Plain (SRP) vol canic province focus on the central
role of the Yellowstone hot spot and its effects on the
lithosphere of North America in response to plate mo-
tions relative to this hot spot. Movement of the North
American plate over the Yellowstone hot spot hasresulted
in a linear track of volcanism that parallels this plate
motion, represented today by volcanic rocks of the east-
ern SRP.

The western SRP is a structural graben oriented at a
high angle to the trace of the Yellowstone plume and to
the axis of the eastern SRP. It isfilled largely with lacus-
trine sediments related to Pliocene Lake Idaho, a large,
long-lived lake system that formed first at the northwest-
ern end of the graben (near Oregon) and extended to the
southeast along with the structural graben. High-tempera-
ture rhyolite lavas that mark the onset of extension also
become younger to the southeast.

Basdltic volcanism in the western SRP occurred in
two distinct episodes. The first episode, represented by
samples from adeep drill core near Mountain Home and
by older surface outcrops that sit directly on rhyalite, is
characterized by ferrobasalts that are distinct from other
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SRP basalts. The second episode is represented by sur-
face flows of Pleistocene age that overlie lacustrine and
deltaic sediments of Lake Idaho. These basalts are asso-
ciated with young faults that reflect Basin and Range
extension.

We propose that the western SRP graben represents
an aulocogenlike structure formed in response to ther-
mal tumescence above the Yellowstone plume head asiit
rose under eastern Oregon and Washington. The plume
head was deflected northwards either by subduction of
the Farallon plate (Geist and Richards, 1993) or by im-
pingement of North American plate lithosphere (Camp,
1995). Basdltic volcanism in the western SRP may be
related to the flow of depleted plume source mantle along
a sublithospheric conduit beneath the western SRP gra-
ben from the ColumbiaRiver Plateau. The basaltswould
form by pressure-release melting of this previously de-
pleted material, along with the overlying mantle lithos-
phere. The younger vol canic episode apparently formed
in response to Basin and Range extension, in a fashion
anal ogousto young basaltic volcanismin the eastern SRP.
The source of these basaltsis uncertain, but may be plume-
modified subcontinental lithosphere.

Key words. continental volcanism, hotspots, basalt,
Snake River Plain

INTRODUCTION

The Neogene Snake River Plain (SRP) comprisestwo
distinct tectonic terranes with different crustal structure,
stratigraphy, and volcanic history (Figure 1). Oneisthe
northeast-trending eastern SRP, adownwarped structural
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depression with only minor fault control along its mar-
gins (Mabey, 1978, 1982; Malde, 1991; Zentner, 1989;
Pierceand Morgan, 1992). This depression becomes pro-
gressively elevated towards the east, culminating in the
Yellowstone Plateau, the current locus of volcanic activ-
ity (Christiansen, 1982; Malde, 1991). The eastern SRP
trend is thought to mark the track of the Yellowstone
plumefrom itsmid-Miocenelocation beneath the Owyhee
Plateau toitscurrent place under Yellowstone (e.g., Pierce
and Morgan, 1992; Malde, 1991; Smith and Braile, 1994),
although this hypothesishas been challenged (Humphreys
and others, 2000; Christiansen and others, 2002). Recent
tomographic data suggest that the plume may actually
rise to the west and be tilted eastward by counterflow in
the mantle that results from the sinking Farallon slab
(Smith and others, 2002; Steinberger and O’ Connell,
2002).

The other terrane is the western SRP, a northwest-
trending structural graben bounded by en echelon nor-
mal faults and filled with sediment up to 1.7 km thick
(Malde, 1959, 1991; Malde and others, 1963; Mabey,
1976, 1982; L eeman, 1982). Sedimentary depositsin the
western SRPrangein age from Miocene through Quater-
nary and are known collectively as the Idaho Group
(Maldeand Powers, 1962, 1972; Maldeand others, 1963).
These deposits are dominantly lacustrine, with subordi-
nate fluviatile and phreatomagmatic deposits (Kimmel,
1982; Smith and others, 1982; Jenks and Bonnichsen,
1989; Malde 1991; Godchaux and others, 1992; Jenks
and others, 1993). Sedimentation during this time was
controlled by the presence of a large lake, Lake Idaho,
which expanded or shrank in response to variations in
climate and tectonics (Kimmel, 1982; Jenks and
Bonnichsen, 1989).

Volcanic activity in the western SRP began about 11
million yearsago with the eruption of rhyolitelavasfrom
fissuresthat paralleled the range-front faults coeval with
extension and graben formation (Ekren and others, 1982,
1984; Bonnichsen, 1982). These rhyolitesform the local
basement upon which subsequent sediments and basalts
were deposited. Basaltic activity in the western SRP be-
gan about 9 million years ago, forming lavas that under-
lie sedimentary deposits of Lake Idaho and, later, local
basalt horizonsintercal ated with these sediments (Malde
and Powers, 1962, 1972; Amini and others, 1984; Malde,
1991; Jenks and Bonnichsen, 1989; Jenks and others,
1993).

In this paper we summarize the Neogene volcanic
history of the western SRP in the area around Mountain
Home, with particular emphasis on the basaltic volcan-
ism and volcanic stratigraphy. Volcanic rocks less than
2.0 Maare exposed as surface flows near Mountain Home,

forming a carapace over sediments of the Idaho Group
and documenting an episode of volcanism that occurred
some 8 million years after the Yellowstone plume passed
this longitude. This area is critical to understanding
intracontinental plume tracks because it lies near the in-
tersection of the Yellowstone plume track and the west-
ern SRP graben—a tectonic enigma that does not con-
form to current models of plume-lithosphere interaction
(Figure 1). We begin by reviewing first the stratigraphy
of volcanic and sedimentary units, their structural defor-
mation, and the geochemistry of the basaltsin the Moun-
tain Home area. Wethen discusstheimplications of these
data for the Neogene tectonic evolution of the western
SRP and the relationship of the western SRP to the
Yellowstone plume system.

GEOLOGIC SETTING

Mountain Home is located on the northeast margin
of the western SRP, approximately 40 miles southeast of
Boise and 70 miles northwest of Twin Falls (Figure 2).
The areaimmediately surrounding Mountain Home is a
volcanic plateau, which is underlain by basalt flows and
lacustrine sediments of the Idaho Group, at an average

Snake River Volcanic Province
and related features
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Figure 1. Overview of the northwestern U.S. showing the location of
the Snake River Plain and adjacent physiographic regions including
thewestern SRP (horizontal bars), the eastern SRP (dark gray), Colum-
bia River basalt province, the Oregon Plateau basalt province, the Or-
egon Coast Ranges, the Owyhee Plateau, the Basin and Range Prov-
ince (pale gray), the Idaho bathalith (ticks), the Colorado Plateau,
Yellowstone caldera, and the Sr “0.704” and “0.706" lines, which mark
the western extent of Proterozoic and Archean crust.
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Figure 2. Index map showing southern | daho and the western Snake River Plain region. Also shown are adjacent parts of the eastern SRP province and
the Idaho batholith, and the location of cross sectionsA-A' (through Mountain Home) and B-B' (through Caldwell; see Figure 6). Unpatterned areas
include both rhyolite volcanics and Neogene sediments. Location of the area mapped in Figure 3 is shown by black box.

elevation about 3,200 feet above sealevel. The southern
limit of this plateau is an escarpment overlooking the
current drainage of the Snake River, just upstream from
its confluence with the Bruneau River; the elevation at
river level is about 2,800 feet. The plateau is truncated
aong its northern margin by the Danskin Mountains (to
the north) and the M ount Bennett Hills (to the northeast).
These mountains consist of rhyolite lavaflowsthat have
been uplifted along major down-to-the-southwest normal
faults, creating a rugged topography with summit eleva-
tions from 5,500 to 7,000 feet.

Eight 7.5-minute quadrangles were mapped for this
project: Mountain Home North, Mountain Home South,
Crater Rings, Crater Rings SW, Crater Rings SE, Cinder
Cone Butte, Teapot Dome, and Reverse (Figure 3). The
resulting composite map spans 30 minutes of longitude
(115°30'W. to 116°0'W.) and 15 minutes of latitude

(43°0'N. to 43°15'N.), encompassing about 450 sgquare
miles (1,170 square km). Rhyalite lavas of the Idavada
Formation crop out in the northeast corner of the map
area; lacustrine and fluvial-deltaic sediments of theldaho
Group crop out in embayments along the southern mar-
gin. The area between the rhyalitic Mount Bennett Hills
and the southern escarpment is underlain largely by ba-
salt flows covered by soil, windblown dust, and aluvial
sediments (Figure 3).

Therearefifteen identifiable basatic ventsinthisarea
two maarlikering structures, three cinder cones, and nine
shield volcanoes (Figure 3). One of the shield volcanoes
(Crater Rings) hastwo spectacular pit craters on its sum-
mit, which we count as two separate vents. Most of the
younger lava flows in this area can be correlated with
one of these fifteen vents. There may be another vent
near the northern margin of the plateau that has been ob-
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Figure 3. Geologic map of the Mountain Home area, ElImore County, |daho. Eight 7.5-minute quadrangles were mapped: Mountain Home North,
Mountain Home South, Crater Rings, Crater Rings SW, Crater Rings SE, Cinder Cone Buitte, Teapot Dome, and Reverse. Gray stars show thelocation
of vents, where these can be identified. A black cross marks the location of the Mountain Home Air Force Base core.
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scured by faulting. Vents for older flows exposed along
the southern escarpment have been buried by sediments
of the Idaho Group or by younger lava flows.

Mapping of the lava flows and their vents, coupled
with flow direction indicators in the pillow lava deltas
(dip of foreset beds), shows that lavas generally erupted
from vents lying along the northeastern margin of the
western SRP graben and flowed to the southwest toward
the central axis of the western SRP graben. This pattern
is mirrored on the southwest margin of the western SRP
by vents which erupted lavas that flowed northeast to-
ward the graben axis (e.g., Bonnichsen and Jenks, 1990;
Jenks and Bonnichsen, 1990).

STRATIGRAPHY

The stratigraphic framework of the western SRP was
first established by Cope (1883), who recognized evi-
dencefor alarge, long-lived lakein thewestern SRPgra-
ben and named sediments associated with this lake the
“ldaho formation.” Malde and coworkers (e.g., Malde
and Powers, 1962; Maldeand others, 1963; Malde, 1991)
discounted theimportance of awidespread “L ake ldaho”
depositional system, preferring a model in which a me-
andering river system (ancestral Snake River) coexisted
with small, short-lived lakes. Malde and Powers (1962)
elevated the Idaho formation to Group status and subdi-
vided it into seven separate formations ranging in age
from middle Miocene through Plei stocene (Poison Creek,
Banbury Basalt, Chalk Hills, GlennsFerry, TuanaGravel,
Bruneau, and Black Mesa Gravel).

More recent work has shown that the original con-
cept of alarge, long-lived lake is correct and that many
of the sediments mapped by Malde and coworkersasflu-
vial flood-plain deposits are in fact nearshore lacustrine
sediments or lacustrine deltaic deposits (Kimmel, 1982;
Swirydczuk and others, 1979, 1980; Wood, 1984, 1994,
Wood and Anderson, 1981; Jenksand Bonnichsen, 1989).
Sediments in the main lacustrine units (Chalk Hills and
Glenns Ferry formations) are nearly identical lithologi-
cally and can only be distinguished from one another
based on paleontological assemblages and age (Chalk
Hills = late Miocene, Glenns Ferry = Pliocene). An
unconformity lies between the Chalk Hills and Glenns
Ferry formations (Kimmel, 1982; Smith and others,
1982); the Glenns Ferry Formation isoverlain locally by
the Tenmile Gravel (= Tuana Gravel).

Quaternary unitsformerly in useinclude the Bruneau
Formation (Idaho Group) and the Snake River Group;
both units were defined to consist of intercalated sedi-
ments and basalt flows (Ma de and Powers, 1962; Malde,
1991). Bonnichsen and coworkers have found that this

usage is inconsistent with field relations and that basalt
flows may be assigned to one formation and their vents
assigned to another (Jenks and Bonnichsen, 1989, 1990;
Jenks and others, 1993).

In keeping with the practice of Bonnichsen and co-
workers (Jenks and Bonnichsen, 1989, 1990; Jenks and
others, 1993), we have abandoned the units “Bruneau
formation” and “ Snake River Group” and prefer instead
to map individual basalt flowsthat in most places can be
associated with specific vents and are stratigraphically
distinct from other flows. On the southern margins of the
map area, theseflowsareintercalated with lacustrine and
fluvial-deltaic sediments deposited during the waning
stages of Lake Idaho. Here, individual basalt flows can
be mapped on the basis of their stratigraphic position in
the sediments, their lateral continuity, and their eleva-
tion. We do not assign the sediments above and below
these basalts to different formations, because the basalts
arelateraly finite and at other locations these sediments
are contiguous. The basalt flows represent essentially
instantaneous events during the slow accumulation of
lacustrine sediment.

The mapping conventionsfollowed here arethe same
as those currently used by the Idaho Geological Survey
for mapping in the SRP, and our mapping in the Moun-
tain Home areaistied stratigraphically to published maps
of the Idaho Geological Survey along the southern and
western margins of our map area (Bonnichsen and Jenks,
1990; Jenks and Bonnichsen, 1990; Jenks and others,
1993).

VOLCANICUNITS

Volcanic activity in the Mountain Home area can be
divided into six distinct phases, one rhyalitic and five
basaltic. The phases comprise (from oldest to youngest)
rhyolitic volcanism of the Danskin Mountains and Mount
Bennett Hills (“1davadavol canic series’), pre-Lake | daho
basdltic volcanism, late- to post-L ake I daho plateau-form-
ing basalts that underlie the uplands north of the Snake
River drainage, maarlike vents that formed on top of the
basaltic plateau, steep-sided shield vents that form the
conspicuous hills around Mountain Home, and finally,
cinder cone ventsthat represent the last phase of basaltic
volcanism. Eruptive styles seem to be controlled in part
by the presence of Lake Idaho and its water-saturated
sediments through which many of the later basaltic units
erupted.

Vol canic Basement:
| davada Vol canic Series

The oldest volcanic rocks exposed in the Mountain
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Home area are rhyolite lavaflows that form basement in
the Danskin Mountains and the Mount Bennett Hills
(northeast corner of map). Theserhyolites have been cor-
related with the Idavada Volcanic Series, which ranges
in age from around 9 Ma to 14 Ma (middle Miocene;
Armstrong and others, 1975, 1980; Clemens and Wood,
1993).

Clemensand Wood (1993) mapped rhyaliteinthearea
studied here as the Danskin Mountains Rhyolite and
mapped rhyalite that crops out farther east as the Mount
Bennett Rhyalite. They determined aK-Ar age of 10.0+
0.3 Mafor sanidinein avitrophyre from the summit area
on Teapot Dome (Danskin Mountains Rhyalite) and aK -
Arageof 11.0+ 0.5 Mafor plagioclasein arhyolite from
near Mount Bennett. Possible correlative units on the
south side of the western Snake River graben include the
Sheep Creek Rhyolite (9.88 + 0.46 Ma; Hart and Aronson,
1983), the rhyalite of Tigert Springs, the rhyolite of OX
Prong, and the rhyolite of Rattlesnake Creek (Kauffman
and Bonnichsen, 1990; Jenks and others, 1993). Rhyo-
litein the eastern Mount Bennett Hillsrangesin agefrom
9.2+ 0.13 Mato 10.1 = 0.3 Ma (Armstrong and others,
1980; Honjo, 1990).

The Danskin Mountains Rhyolite most commonly
occurs as a vitrophyre with abundant phenocrysts of
sanidine and quartz set in a red, gray-brown, or black
volcanic glass. Flow banding appears as laminar varia-
tions in the color of the glass or in its crystallinity. The
flow banding is commonly folded ptygmatically, indi-
cating rheomorphic mobilization of the rhyalite. Flow
banding and axial foliation in the vitrophyre generally
trend N. 50° W. to N. 60° W., and dip 15°-45° NE. There
are no indications that these rhyolites are rheomorphic
ignimbrites; they appear to berhyolite lavas erupted from
fissures that were subparallel to the current range-front
faults (B. Bonnichsen, oral commun., 1996, 1997).

Pre-Lake Idaho Basaltic Volcanism

Pre-Lake Idaho basaltic volcanism in the Mountain
Home areaisrepresented by core samplesfromthe 4,403-
foot Mountain Home Air Force Base (AFB) geothermal
test well (Lewisand Stone, 1988) and by basalt horizons
that rest directly on rhyolite in the Danskin Mountains
and Mount Bennett Hills (Honjo, 1990; Clemens and
Wood, 1993). Additional stratigraphic control comesfrom
the 9,676-foot-deep Bostic 1A wildcat petroleum well
(Arney and others, 1982, 1984).

TheMountain HomeAFB test well wasdrilledin 1985
on Mountain Home Air Force Base, 10 miles southwest
of Mountain Home (Figure 3). The hole was cored con-
tinuously from about 1,000 feet to total depth of 4,403

feet, with 60-70 percent recovery above 2,000 feet inthe
sediments and 90-100 percent recovery below 2,000 feet
in the basalts (Lewis and Stone, 1988). Principal rock
types are basalt with intercal ated sediment (0-532 feet),
silty sand and clay (532-1,900 feet), and basalt with mi-
nor intercalated hyaloclastites (1,900-4,403 feet). Tem-
perature at the bottom of the hole approached 100°C
(Lewis and Stone, 1988).

Basalts of the Mountain Home AFB drill core have
not yet been studied in detail, but our preliminary petro-
graphic and geochemical dataindicate that they are dark
gray to black, aphanitic aphyric to sparsely phyric (oliv-
ineor plagioclase plusolivine) ferrobasalts. These basalts
are remarkably fresh and unaltered, except for afew ho-
rizons where the basalt appears to have flowed into wa-
ter.

Basaltsin the Danskin Mountainsand Mount Bennett
Hills that sit directly on rhyolite or are intercalated with
lacustrine sedimentsthat sit on rhyolite have been corre-
lated with the Banbury Basalt of Malde and Powers
(1962). They are generally altered olivine basalts, but
there are little data that can be used to correlate these
flows. Armstrong and others (1980) report a mean age of
9.4 Mafor the Banbury Basalt near Twin Falls, but it is
unclear if this correlates with the unit referred to as
“Banbury Basalt” in the Mount Bennett Hills (e.g., see
Clemensand Wood, 1993, for adiscussion of thisproblem).

Plateau-Forming Basalts:
Late- to Post-Lake Idaho

Plateau-forming basalts crop out in the bluffs that
overlook the current Snake River drainage, especialy in
theareanorth of C.J. Strike Reservoir (Figure4). Younger
plateau-forming basalts are also exposed on the table-
lands abovethe bluffs, but the ol der plateau-forming units
are seen only in cross section. Five plateau-forming ba-
salt units are exposed in or near the area mapped (from
oldest to youngest, Figure 3): the basalt of Goldsmith
Road (Tgsr), the basalt of Canyon Creek (Tcan), the ba-
sat of Simco Road (QTsim), the basalt of Strike Dam
Road (QTstr), and the basalt of Rattlesnake Springs
(QTrs). Only two units—the basalt of Rattlesnake Springs
and the basalt of Strike Dam Road (Jenks and others,
1993)—can be associated with a specific volcanic vent.
Ventsfor the other units have been buried by subsequent
eruptive units, and their locations can only be guessed at
using lateral variationsin flow thickness.

These basalts typically form thin (8 to 35 feet thick),
laterally extensive flows that rest directly on the young-
est lacustrine or fluvial deltaic sediments of Lake Idaho
or on older plateau-forming basalt units. The units tend



Shervais and Others—Origin and Evolution of the Western Snake River Plain 349

v g ; - - -3

Figure 4. Plateau-forming basalts sitting on lacustrine sediments of the |daho Group (L ake |daho). Uppermost basalt is basalt of Rattlesnake Springs;
lower unit is basalt of Simco Road. Note landslide deposits below main basalt ledge. View to East overlooking C.J. Strike Reservoir. North to left.

to thin near their margins, which allows us to estimate
the relative positions of their buried vents or at least the
topographic lows that controlled flow distribution.

The basalt of Goldsmith Road is exposed just south
of our map areain alower “ plateau” adjacent to C.J. Strike
Reservoir (Jenks and others, 1993). Based on its eleva-
tion, it appears to correlate with the deepest post-Lake
|daho basaltsin the Mountain Home AFB drill core (about
500 feet bel ow surface on the tableland above C.J. Strike
Reservoir (Figure 3).

The basalt of Simco Road is commonly pillowed
aongits southern margin, suggesting asubaerial lavathat
flowed into standing water of Lake Idaho or its succes-
sors. The subaqueous part of the flow consists of
hyal oclastite brecciaforming foreset delta sequenceswith
individua “rolled” pillowsinterspersed. Thedeltaforesets
dip to the southeast, indicating the direction the lava
flowed when it entered the lake (Figure 5).

Thebasalt of Rattlesnake Springsistheyoungest pla-
teau-forming unit in this area. The vent for this unitisa
low, topographically subdued shield volcano about 9 miles
southwest of the town of Mountain Home (Figure 3).
Despiteitslow topographic profile, thisvent isactually a
large structure covering al or large parts of five 7.5-

minute quadrangles. Lava flows from younger vents to
the north, northwest, and northeast of this huge volcano
flowed around it. The deflection of younger lava flows
around the Rattlesnake Springs vent created atopographic
“moat” along its northeast margin that filled with allu-
vial sediments and loess; this filled “moat” is the loca-
tion of Mountain Home.

The basalt of Rattlesnake Springs rests directly on
fluvial-deltai c sediments (sands, silts, gravels) that form
the uppermost part of the Idaho Group. Current struc-
tures in these sediments show transport directions from
north to south consistent with regional drainage of tribu-
tary streamsinto L ake | daho from the Danskin Mountains.

Maarlike Vents:
Fire Fountain Eruptions

These rather inconspicuous maarlike vents can only
be seen clearly on large-scale topographic maps, where
thelow annular ridgesthat represent the original tuff rings
are generally preserved by subsequent spatter deposition
and the onlap of late-stage lavas from the central vents.
Some of the older plateau-forming basalts may have
erupted from maarlike vents also, but these vents have
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Figure 5. Foreset bedsin hyaloclastite breccia + pillow lava delta at the base of the basalt of Strike Dam Road. Delta grades upward from dominantly
glassy brecciato breccia+ isolated pillowsto subaerial basalt. Deltais underlain by lacustrine sediments (silty clay) of Idaho Group. Water depth was
about 20 feet here. View to northeast.

been buried by younger flows. Bonnichsen (oral
commun., 1996) suggests that these vents began as
phreatomagmati ¢ eruptionsthrough water-saturated sedi-
ments, then shifted to fire fountain eruption style as the
underlying sediments became dewatered. This model
is difficult to evaluate, because the surface volcanic
deposits cover evidence for the proposed earlier
phreatomagmatic event. Nonetheless, an early
phreatomagmatic eruptive style is consistent with the
overall geometry of these vents.

There are two maarlike vents in the map area: the
basalt of Brush (Qbr) and the basalt of Sheep (Qsh). Vents
for both units consist of topographically low annular
ridges that form ringlike structures about 2 to 3 miles (3
to 5 km) across. The ramparts of thesering structures are
constructed largely of welded spatter, but cinder accu-
mulations are found in places. Despite their maarlike
structures, the dominant eruptive mode for these vents
seems to have been fire fountain eruptions that formed
abundant spatter and relatively fine-grained cinders (about
1to 2 mm).

Shield Volcanoes

Shield volcanoes are the most common vol canic land-
forms in the Mountain Home area. These steep-sided
vol canoesrise conspicuously above the tablelandsformed
by the plateau-forming basalts with 400 feet to 700 feet
of relief (Figure 3). Theseventsare generally steeper than
typical shield volcanoes and may represent magmas that
are more viscous than typical Hawaiian tholeiites. These
lavasrest on older plateau-forming basalts or on soil ho-
rizons developed on top of the older flows. The well-
developed soil horizons, with extensive caliche layers,
indicate that flows of different ages may be separated by
several thousands of years.

Eight basalts are associated with shield volcano vents:
thebasalt of Teapot Basin (Qtb), the basalt of Rattlesnake
Creek (Qrc), the basalt of Teapot South (Qts), the basalt
of Teapot North (Qtn), the basalt of Rocky (Qrk), the
basalt of Lockman Butte West (Qlbw), the basalt of
Lockman Butte East (Qlbe), and the Crater Rings basalt
(Qcr; Figure 2). It is not possible to discern the exact
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order of eruption since not all of the vents have flows
that overlap, but the list above represents their approxi-
mate stratigraphic order; the Crater Rings basalt appears
to be the youngest unit of this series. In addition, other
basalts in the uplands north of Mountain Home cannot
be connected with a specific vent because of subsegquent
faulting. These units are mapped as undifferentiated ba-
salt (Qbu).

The basalt of Lockman Butte West is a plagioclase-
phyric ferrobasalt characterized by internal fractionation
during flow (McGee and Shervais, 1997). Where well-
exposed by alarge roadcut along highway -84, flow units
of this basalt show flotation of plagioclase within cov-
ered lavatubes, and draining of very Fe-rich (about 16.5
weight percent total iron as FeO) ferrobasalt magmafrom
the plagioclase cumulates into an aphyric bottom layer
(McGee and Shervais, 1997). The plagioclase-rich flota-
tion layers are characterized by diktytaxitic textures to-
wardstheir tops (where exsolved gases have replaced the
interstitial magma) and intergranular textures near their
bases (whereinterstitial magmacrystallized in place). Par-
tially replaced magnesian olivine phenocrysts (Foy,) Sug-
gest that the ferrobasalt was formed by extreme olivine
fractionation of a primary picrite. The Fe-rich nature of
these lavas is emphasized by the occurrence of Fe-rich
K-feldspar, with about 5.5 weight percent Fe,O, (McGee
and Shervais, 1997).

The Crater Rings is a spectacular volcanic feature
consisting of two large pit cratersat the summit of abroad
shield volcano about 5 miles west of Mountain Home
(Figure 3). The smaller western crater is about 2,500 feet
across and 300 feet deep; thelarger eastern crater isabout
3,000 feet across and 350 feet deep. The eastern crater is
surmounted by spatter and agglutinate ramparts on its
northern, eastern, and southern sides. Internally, the pit
craters consist of welded spatter, agglutinate, and minor
intercalated lava flows. The welded spatter and aggluti-
nate are easily identified by their characteristic textures,
oxidized coloration, and hollow ring when struck with a
hammer.

Theinterna stratigraphy of the craters showsthat they
represent former lava lakes, similar to Halemaumau pit
crater on the summit of Kilaueavolcano and to the paired
lava lakes of the 1972 Mauna Ulu eruption (Hawaii:
Decker, 1987; Tilling and others, 1987). No fragmental
horizons are exposed in the crater walls, which would
suggest phreatomagmatic eruption. Fire fountains erupt-
ing through the lava lakes fed spatter to the rims, which
were occasionally mantled by lava flows when the lava
lakes overflowed their ramparts. Thefinal eruptive phase
was confined to the eastern vent, where fire fountains
built ramparts on three sides of the vent that were not
covered by subsequent lava flows, athough lava from

the eastern vent may have flowed into the western vent
during lava highstands at this time. A more recent but
equally spectacular exampleof adouble pit crater isBlack
Butte Crater, the source of the Shoshone flow, located 16
miles north of the town of Shoshone in central Idaho.

Cinder Cone Vents:
Last Volcanic Phase

The youngest volcanic features found in the Moun-
tain Home area are cinder cone vents with 150 feet to
300 feet of relief that erupted north of the Rattlesnake
Springs shield volcano. The youngest of these is excep-
tionally well preserved and has no overlying soil in the
vent area, consistent with an age of less than 300,000
years. These ventsinclude the Cinder Cone Butte basalt,
the Union basalt, and the basalt of Cinder Pit (Figure 2).
The Union basalt and the basalt of Cinder Pit erupted
from ventsimmediately north of the Rattlesnake Springs
shield volcano, and flowsfrom both of the younger vents
were deflected around the older vol cano.

SEDIMENTARY ROCKS
Idaho Group (Tida)

Lacustrine sediments and fluvial-deltaic deposits as-
sociated with Neogene Lake Idaho are found aong the
southern rim of the tablelandsthat underlie the Mountain
Home area, much of which lies south of our map (Figure
3). Only 400-450 feet of Idaho Group sediment is ex-
posed in the bluffs that overlook the current Snake River
drainage (Figure 4), but drilling on the Mountain Home
AFB demonstratesat least 1,400 feet of sediment beneath
the deepest postlake basalt (Lewisand Stone, 1988). Far-
ther to the east (about 20 mileseast of the Mountain Home
AFB core) the 9,676-foot-deep Bostic 1A well penetrated
over 4,500 feet of lacustrine sediments with two basalt
intercalations, each about 650 feet thick (Arney and oth-
ers, 1982, 1984).

Generally, the sedimentsarefine-grained, calcareous,
clay-rich muds and silts, with sandy silts higher in the
section (Kimmel, 1982; Swirydczuk and others, 1979,
1980; Smith and others, 1982). Ash beds and ash-rich
sediments are common (Swirydczuk and others, 1982).
The sedimentsare whiteto pale green and havefine lami-
nar bedding and rare current structures. The sandy layers
may be graded, suggesting deposition from turbidity cur-
rents (Jenks and others, 1993). Oalitic limestone hori-
zons are interpreted to represent shoreline facies
(Swirydczuk and others, 1979, 1980). Other reefal lime-
stone horizonsrepresent algal or spongereefsthat formed
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parallé tothe shoreline (Stracciaand others, 1990; Jenks
and others, 1993).

Sedimentsintercal ated with basalt in the bluffs above
C.J. Strike Reservoir are commonly sandy, with both lami-
nar and trough cross-bedding, indicating a fluvial-del-
taic environment along the margins of the lake. Thisis
supported by the observation that hyaloclastites and pil-
low deltas (Figure 5) are found only beneath the south-
ernmost exposures of plateau-forming lavas; exposures
farther north show little or no effects of basalt-water in-
teraction. Cross-bedsin the fluvia sands beneath the ba-
salt of Rattlesnake Springs show currents moving from
north to south, towards the axis of the western SRP graben.

Nofossil dataare availablefor thisarea, but the strati-
graphic level of the exposed sediments and their location
suggests correlation with sediments of the Pleistocene
Bruneau Formation. Older sediments exposed in core or
cuttings and lacustrine sediments exposed south of the
Mountain Homearea probably correlate with the Pliocene
Glenns Ferry Formation or Miocene Chalk Hills Forma-
tion of Malde and Powers (1962).

Surficial Deposits

Surficial depositsinclude the Melon Gravel (coarse,
unsorted sand, gravel, and boulders deposited by the
Bonneville Flood; Malde and Powers, 1962), intermit-
tent lake deposits (clay- to silt-sized sedimentstransported
largely as windblown loess and deposited into intermit-
tent lakes that form in depressions on the surface of ba-
salt flows; Jenks and others, 1993), talusand alluvial fan
deposits that form along major range-front fault scarps,
landslide deposits (produced by passage of the cata-
strophic Bonneville Flood, asdiscussed by Jenksand oth-
ers, 1993), and alluvium (unconsolidated stream and val-
ley deposits, including clay, silt, sand, and gravel).

STRUCTURE

Structural deformation of the Mountain Home areais
restricted to high-angle faulting with two modes: (1)
range-front faults that offset rhyolite and resulted in up-
lift of the Danskin Mountains and Mount Bennett Hills,
and (2) younger faults that offset the surface of basalt
flows or the aluvium. Tilting is evident in the rhyolite
bedrock of the Mount Bennett Hills but is more difficult
to establish el sawhere. Nonethel ess, faulting clearly spans
arange of ages (Neogene to Holocene) and has resulted
in significant movement in the recent past.

RANGE-FRONT FAULTS
The range-front faults and related faults that offset

rhyolite of the Idavada Formation are responsible for
uplift of the Danskin Mountainsand M ount Bennett Hills
and for faulting within theseranges (Malde, 1959). These
faultstrend approximately N. 55°W. and have near verti-
cal to steep southwest dips (Figure 3). In general, throw
is down to the southwest, so most of these faults are nor-
mal (Figure 6). Most actual range-front faults are con-
cedled beneathtalusor aluvial fan deposits. Malde (1991)
estimates that the accumulated throw across these faults
isabout 9,000 feet (2,900 m), as shown by the elevation
difference between thetop of silicic volcanicrocksinthe
Bostic 1-A well (Arney and others, 1982, 1984) and the
rhyolite lavas of the Mount Bennett Hills (Malde, 1959).

Interpretive cross sections of the western SRP show
the arrangement of range-front faults, which control sub-
sidence of the graben, and the distribution of volcanic
and sedimentary fill within the graben (Figure 6). Cross
section A-A' transects the western SRP through Moun-
tain Home, whereas section B-B' (modified from Wood,
1994) depicts atransect through Caldwell (see Figure 3
for locations of cross sections). The Mountain Home sec-
tion (based on surface maps, deep well logs and regional
gravity anomalies) shows rhyolite basement overlain by
Banbury Basalt, lacustrine sediments of Lake Idaho, and
a thick wedge of early Pliocene basalt (Figure 6). This
wedge pinches out to the southeast, as shown by well
logs of the Bostic 1A well (Arney and others, 1982). The
lacustrine sediments are capped by thin basalt flows in-
tercalated with sediment on the uplands surrounding
Mountain Home. The central basement high and the thick
sections of basalt on each side of the basement high are
required by theregional gravity anomaly (Arney and oth-
ers, 1982). The Caldwell section (based on surface maps,
deep well logs, and seismic reflection data) shows an
acoustic basement of basalt overlain by up to 6,000 feet
of lacustrine sediment (Wood, 1994). Wells in this re-
gion bottomed in basalt, so the depth to rhyolite base-
ment (if present) is not known.

The Mount Bennett Hillsblock appearsto betilted to
the south for most of itslength, with north-facing normal
faults along its northern margin with the Camas Prairie.
The southern margin of the Mount Bennett Hills appears
to be a flexural downwarp beneath lavas of the eastern
SRP trend, with only minor normal faulting (Cluer and
Cluer, 1986). The southwest-facing normal faults that
bound the Mount Bennett Hills block in the Mountain
Home area lift the western end of this block and accom-
modate an eastward plunge. These complex relationships
reflect the position of the Mount Bennett Hills at the in-
tersection of the western SRP structural graben with the
eastern SRP downwarp.

The ages of the range-front faults are unknown but
can be estimated as|ate Mioceneto early Pliocene onthe
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basis of the middle Miocene age of the Mount Bennett
rhyolite (about 10 Ma; Clemens and Wood, 1993) and
the Pliocene age of Lake Idaho, which filled the western
SRP graben that formed during uplift of the rhyolites.
The occurrence of L ake ldaho sedimentswithin the Mount
Bennett Hills, sitting depositionally onrhyolitevitrophyre
or older basalts (Vetter, oral commun., 1998), shows that
uplift of the Mount Bennett Hills continued into the
Pliocene.

QUATERNARY FAULTING

Recent tectonic activity related to extension of the
western SRP graben isdemonstrated by fault scarps, with
6 to 30 feet (2 to 9 m) of throw, that crosscut the shield
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volcanoes and the basaltic flows associated with them.
There are two dominant fault sets: one trends N. 85°W.;
the other trends N. 60° W. (paralel to the range-front
faults) and appears to truncate against the N. 85° W. set
(Figure 3). All faults are vertical or high-angle normal
faults that dip steeply to the south and are downthrown
on the south or southwest side. Similar relationships are
observed in the western M ount Bennett Hillswhere east-
west trending faults offset N. 50° W. faults (Clemensand
Wood, 1993).

Both sets of faults appear to have been active simul-
taneously, as shown by asymetric escarpmentsin the N.
85° W. faults that have larger offsets at the east end than
at the west end. This asymetric movement on the N. 85°
W. faults was accommodated by movement onthe N. 60°
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Figure 6. Interpretive cross sections of western SRP: section A-A' from Owyhee Plateau to Mountain Home area; section B-B' through Caldwell (see
Figure 2 for location of sections). Section A-A" based on well logs of Mountain Home AFB core (Lewis and Stone, 1988), the Bostic 1A well (Arney
and others, 1982, 1984), gravity profiles of the western SRP, and surface mapping (this study; Jenks and others, 1993). Section B-B' near Caldwell,
modified from Wood (1994), is based on well logs and seismic reflection data.
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W. faults, many of which also preserve asymetric escarp-
ments that have larger offsets on their north ends. The
sense of motion here seemsto be oneinwhich trapezoid-
shaped lozenges of crust accommodated northeast-south-
west extension by rotating along pairs of south-dipping
and southwest-dipping normal faults.

The age of faulting cannot be determined precisely at
thistime but must be younger than about 1 Ma, based on
the age of the basalt units cut by the faults. In one loca-
tion, basalt is faulted against aluvial gravel of Canyon
Creek (Figure 3), suggesting a late Pleistocene or Ho-
locene age. Beukelman (1997) has shown that similar
scarpswhich offset alluviumin the Halfway Gulch-Little
Jacks Creek area south of Mountain Home have ages of
about 5,000 to 34,000 years, based on the degradation of
scarp profiles. Trenching across one fault indicates five
episodes of surface rupture over the last 26,000 years,
based on caliche accumulation in the soils (Beukelman,
1997).

GEOCHEMISTRY

Geochemical studies of the volcanic rocks described
here are still in progress, so it is not possible to discuss
their chemical and petrologic evolution at this time. We
can, however, make a general comparison between the
older, pre-Lake ldaho lavas sampled by the Mountain
HomeAFB core and the surface lavaflows (Table 1). We
can also compare both of these groups to basdltic lavas
from the eastern SRP trend (Shervais and others, 1994)
and to flood basalts of the Columbia River Plateau prov-
ince (Tolan and others, 1989; Reidel and others, 1989;
Hooper, 1988).

In general, late Pliocene to Quaternary surface flows
in the Mountain Home area are similar to basaltic lavas
from the eastern SRP in their Fe, Ti, akali, and silica
content (Figure 7). Feis at the high end of the range for
thistrend and is higher than typical eastern SRP basalts
in many samples. In contrast, early Pliocene, pre-Lake
Idaho basalts from the Mountain Home AFB core are
much higher in Feand Ti and lower in alkalis, silica, and
phosphorus than typical basalts of the eastern SRP. This
suggests a source for the older basalts that is depleted
relative to the eastern SRP basalt source in large ion
lithophile elements (LILE), but enriched in Fe and Ti,
possibly asaresult of Fe-Ti metasomatism (Shervaisand
Vetter, 1992).

When compared with basalts of the SRP province,
flood basalts of the Columbia River Plateau (Tolan and
others, 1989; Reidel and others, 1989) are much lower in
Mg, Fe, Ti, and Pand higher in Si and K (Figure 7). This
suggeststhat, relative to basalts of the SRP province, the

Columbia River basalts have seen much more exchange
with continental materials. Thismay reflect either assimi-
lation of subcontinental lithosphere or partial melting and
assimilation of continental crust (Carlson, 1984; Carlson
and Hart, 1988; Carlson and others, 1981).

DISCUSSION

The history of basaltic volcanism in the western SRP
is punctuated in the Pliocene by a prolonged hiatus of
about 4 million years duration. Thisis clearly shown by
the distribution of basalt and sediment in the Mountain
HomeAFB core samples, by the stratigraphy of sediments
and basalts that crop out in the western SRP, and by seis-
mic profiles of thewestern SRP (e.g., Wood, 1984, 1994;
Wood and Anderson, 1981). The duration of this hiatus
corresponds largely with sedimentation in Lake Idaho,
but vol canism and sedimentation overlapped in time and
space both near the beginning of sedimentation in the
early Pliocene and near its end in the late Pleistocene.
Thisoverlap isgreater farther to the west, near Boise and
Caldwell, where phreatomagmatic vents demonstrate the
eruption of large volcanos within standing water of the
lake (Godchaux and others, 1992). The hiatusin basaltic
volcanism shows that development of the western SRP
occurred during two separate and possibly unrelated
events. We examine each of these events bel ow.

PRE-LAKE IDAHO
TECTONICSAND VOLCANISM

Formation of the western SRP graben was preceded
by the eruption of high-temperature rhyolitesfrom north-
west-trending fissures (Honjo and others, 1992;
Bonnichsen, 1997). Theserhyolites have anhydrous phe-
nocryst assembl ages and cal cul ated eruption temperatures
of around 850°C to 1,000°C (Honjo and others, 1992).
Existing radiometric dates suggest an age progression of
high-temperature rhyolites from northwest to southeast.
Thus, rhyalites at the northwest end of the western SRP
have ages around 11.2 Mato 11.6 Ma; rhyolites in the
Danskin Mountains have ages of 10.0 Mato 11.0 Ma,
and rhyolites in the western and central Mount Bennett
Hillshave ages of 9.2 Mato 9.8 Ma (Armstrong and oth-
ers, 1975, 1980; Honjo, 1990; Clemens and Wood, 1993).

Range-front faultsin the western SRP are associated
with the formation of the western SRP graben, which
became the locus of deposition of Lake Idaho in the late
Miocene through Pliocene (Figure 6). The formation of
this graben predates Basin and Range extension, and its
orientation (about N. 50° W.) is inconsistent with other
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Table 1. Representative whole rock geochemistry for selected basaltic lavas from the Mountain Home area. Major elements
by fused bead electron-probe analysis. Trace elements by x-ray fluorescence analysis. Latitude and longitude locations arein
decimal degrees. Mountain Home AFB core location estimated from map location, with depth below surface in feet for each
sample from driller’s log.

SampleNo.  96SRP-21-2 96SRP-58-2 96SRP-V40 96SRP-9 96SRP-27 96SRP-12 MH-2538 MH-3102 MH-4103

Unit/Vent Borrow Pit/ Crater South Lockman/ Radio Tower/ Teapot Tuff Ring/ Mtn. Home Mtn. Home Mtn.Home

3245 Flow 3198 Lock 3624 Rocky 3649 North Brush 3291 AFB Core AFB Core AFB Core
Quadrangle Reverse Cinder Crater Mtn. Home Teapot Reverse Crater Crater Crater
USGS 7.5 Cone Butte Rings North Dome RingsSE  Rings SE Rings SE

Lat. North 43.078617  43.141500 43.201817  43.132450 43.186600 43.057400 43.057400 43.057400 43.057400
Long. West 115597217 115909933  115.765833 115.625117  115.605700 115532433 115.839333 115.839333 115.839333

Depth (in feet) NA NA NA NA NA NA 2,538 3,102 4,103
S0, 46.10 46.38 48.49 46.46 47.39 47.17 46.24 47.09 46.19
Tio, 3.03 3.35 217 3.17 3.24 258 406 3.49 448
AlLO, 13.69 13.90 17.37 13.91 13.93 1321 13.87 14.44 13.79
FeO 13.77 15.48 11.99 14.44 14.43 13.11 16.42 15.04 17.75
MnO 0.24 0.24 0.18 0.19 0.19 0.21 0.22 0.25 0.23
MgO 6.93 6.79 5.79 6.72 6.64 6.46 7.18 6.04 5.50
Ca0 12.11 9.64 10.46 10.67 9.80 12.76 10.51 9.96 11.07
Na,0 2.34 2.40 2.68 2.35 241 2.23 152 2.26 1.09
K,O 0.60 057 0.43 058 0.64 0.70 0.26 0.66 0.07
P,0, 0.58 0.63 0.74 0.68 053 051 0.11 0.66 0.14
Total 99.38 99.39 100.29 99.18 99.20 98.94 100.38 99.89 100.32
Nb 19 20 32 19 17 21 31 34
Zr 276 278 355 263 260 297 395 406
% 43 42 48 42 39 54 615 70
Sr 316 315 338 325 320 302 2895 300
Rb 14 7 2 11 13 4 155 3
Zn 136 145 147 144 134 178 1615 175
Cu 46 31 42 52 48 50 38 49
Ni 62 61 72 80 74 93 765 67
Cr 182 181 196 209 199 209 154 134
sc 36 33 33 30 33

Vv 349 333 303 328 298

Ba 470 441 501 454 514
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Basin and Range grabens (typically N. 20° W. to N. 10° ben, which become progressively younger from north-

E. in northern Nevada).
This graben appears to be older

at its northwest-end

and to become progressively younger to the southeast

(e.g., Kimmel, 1982; Made, 1991)

. This conclusion is

based on the age progression of rhyolite lavas discussed
above and the age of the oldest sedimentsfilling the gra-

west (late Miocene) to southeast (Pliocene) along the axis

of the graben (Kimmel, 1982; Malde, 1991). While the
western SRP graben at its horthwest end (Oregon-ldaho
border) is approximately coeval with the formation of
the Bruneau-Jarbidge eruptive center (10-12 Ma), the
southeast end of the graben is younger, and structures
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Figure 7. Summary of geochemical datafor pre-Lake Idaho and post-Lake Idaho basalts from the Mountain Home region compared to basalts from
the eastern Snake River Plain “main trend” and to flood basalts (basaltic andesites) of the Columbia River Plateau.



Shervais and Others—Origin and Evolution of the Western Snake River Plain 357

associated with the graben and its sedimentary fill cross-
cut the margins of the Bruneau-Jarbidge eruptive center.
Thewestern SRP graben reached its maximum headward
extent approximately 3 Ma, as shown by the age of the
youngest Glenns Ferry Formation at the southeast end of
the Lake Idaho basin (Malde, 1991).

Pre-Lake Idaho basalts are characterized by low al-
kali contents and by extremely high Fe and Ti (Fe-Ti
basalts). These basalts are coeval with plume-tail volca-
nism of the Bruneau-Jarbidge eruptive center
(Bonnichsen, 1982), but they differ compositionally from
basalts associated with this eruptive center (e.g., Vetter
and others, 1997). They are also coeval with the Saddle
Mountains Basalt—the final eruptive phase of the Co-
lumbia River flood basalt province (Reidel and others,
1989; Tolan and others, 1989).

The data discussed above suggest that the formation
of the western SRP graben and its sedimentary fill is not
related to passage of the Yellowstone plumetail from the
Owyhee Plateau to the eastern SRP. The data do show a
connection between the formation of the western SRP
and the flood basalt volcanism of the Columbia River
Plateau. To the extent that the Columbia River basalts
can be related to the Yellowstone plume head, thereisa
connection between the western SRPand the Yellowstone
plume (e.g., Glen and Ponce, 2002). If so, the plume head
was deflected significantly to the north from its proper
position in line with the track of the plume tail, as sug-
gested by Geist and Richards (1993) and Camp (1995).

We suggest that the western SRP graben may be
thought of as an aulocogenlike rift associated with ther-
mal doming of thelithosphere beneath the ColumbiaRiver
Plateau; the orientation of thisrift was likely controlled
by thermal softening of lithosphere by the plume tail,
which at this time was located beneath the Bruneau-
Jarbidge eruptive center, and by the orientation of large-
scale fractures over the plume head beneath the Colum-
bia River plateau (Glen and Ponce, 2002). If this model
is correct, then pre-Lake |daho basalts may be related to
the flow of plume-source mantle aong a sublithospheric
conduit formed by extension of the western SRP. Since
thegrabenisolder inthe northwest, theflow of thisplume-
source mantle was most likely from northwest to south-
east, that is, from beneath the Columbia River Plateau
toward Twin Falls. Thisimplies that the pre-Lake Idaho
basalts formed by pressure-release melting of both (1)
the previously depleted plume-source mantle and (2) the
overlying mantlelithosphere. Thisisalso consistent with
the occurrence of high-temperature rhyolites, which are
thought to form by crustal anatexis in response to the
intrusion of mafic magmas at depth.

This modd is illustrated schematically in Figure 8.
Between 17 Maand 14 Ma, the Yellowstone plume head

was deflected northward by the Farallon plate (Geist and
Richards, 1993) or by North American lithosphere (Camp,
1995), resulting in the eruption of flood basalts on the
Columbia River and Oregon plateaus. Thermal tumes-
cence over the plume head elevated eastern Oregon and
Washington and initiated the formation of the western
SRP graben as an “aulacogen” radial to the center of up-
lift (Figure 8a). During the period from 12 Mato 6 Ma,
the plume head was compressed and overridden by North
America; the compressed plume materia “escaped” to
southeast along a sublithospheric conduit beneath the
devel oping western SRPgraben (Figure8b). Astheplume
head cooled and relaxed thermally, the western SRP gra-
ben subsided and became the locus of Lake Idaho sedi-
mentation (Figure 8c). At this sametime, depleted plume
head mantle underplated continental lithosphere beneath
the western SRP. The final phase of its development (2
Mato today) is discussed below.

POST-LAKE IDAHO
TECTONICSAND VOLCANISM

Post-L ake Idaho basalts are al less than 2 Ma old
and chemically similar to coeva basalts of the eastern
SRP (although the common occurrence of ferrobasalt is
unigueto thewestern SRP). Inthe eastern SRP, the young-
est basalts are associated with north- to northwest-trend-
ing volcanic rift zones oriented perpendicular to thetrend
of the eastern SRP (Kuntz and others, 1982, 1988, 1992).
Rodgers and others (1990) have shown that these volca-
nic rift zones, which parallel normal faults of the Basin
and Range Province, accommodate aseismic extension
of the eastern SRP in response to extension within the
Basin and Range Province.

Young faults in the western SRP (i.e., those that off-
set post-Lake Idaho basalt flows or Holocene gravels)
appear to reflect Basin and Range extension that has re-
fracted to more westerly orientation to exploit preexist-
ing range-front fault zones of the western SRP (Figure
8d). The occurrence of approximately east-west oriented
faults of this age show that a component of north-south
extension is also required. The distribution of post-Lake
Idaho basalts along the northeast margin of the western
SRP graben, and their association with Basin and Range
extensional features, suggest that these basalts a so formed
in response to Basin and Range extension. The mecha
nism for the formation of the young eastern SRP basalts
is still being debated, but there seems to be a consensus
that they formed by pressure-release melting of plume-
modified lithosphere (e.g., Leeman 1982, Vetter and
Shervais, 1992).

The hiatus between the older pre-Lake Idaho basalts
and the younger Basin and Range-related basalts prob-
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Figure 8. Cartoon depicting the evolution of the western SRP based on model presented here. (a) 17 Mato 14 Ma: Yellowstone plume head deflected
northward by Farallon plate or North American lithosphere; thermal tumescence of eastern Oregon and Washington. (b) 12 Mato 6 Ma: Plume head
compressed and overridden by North America, with continued thermal tumescence of lithosphere; western SRP graben devel ops as an “ aulacogen”
(sediment-filled rift) radial to the center of uplift; compressed plume material “escapes’ to southeast along sublithospheric conduit beneath western
SRP graben. (c) Plume head cools and rel axes, underplates western SRP; western SRP subsides and becomes locus of Lake Idaho sedimentation. (d)
2 Mato today: Plumetail reaches Yellowstone, Lake Idaho drains, and western SRP reactivated as Basin and Range structure.

ably representsthe recovery time of the lithosphere from
thermal softening by the plumetail, which seemsto have
inhibited the propagation of Basin and Range-style ex-
tension northwards. The difference in the length of this
hiatus in the western SRP (around 4 million years) and
the eastern SRP (less than 1 million years?) may reflect
differencesinthe nature, age, and composition of thelitho-
sphere between these two locations (late Proterozoic to

Mesozoic in the west, Archean in the east).

CONCLUSIONS

Basaltic volcanism in the western SRP was active in
two distinct phases separated by a hiatus of several mil-
lion years. Lacustrine sediments of the |daho Group were
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deposited largely during this hiatus. Our work in the
Mountain Home region of the western SRP, when com-
bined with observations from other parts of the western
SRPgraben and from the eastern SRP, suggeststhat these
volcanic episodes represent distinct, unrelated events.

The older volcanic episode formed in response to
passage of the Yellowstone plume system and thermal
tumescence of the Columbia River Plateau. This episode
included the formation of the western SRP graben, the
eruption of high-temperaturerhyolitelavas, and the erup-
tion of pre-Lake Idaho Fe-Ti basalts. The basaltic volca
nism may berelated to the flow of depleted plume source
mantle along a sublithospheric conduit beneath the west-
ern SRP graben from the Columbia River Plateau. The
basalts would form by pressure-release melting of this
previously depleted material along with the overlying
mantle lithosphere (Figure 8).

The younger volcanic episode apparently formed in
responseto Basin and Range extension in afashion analo-
gousto young basaltic volcanisminthe eastern SRP. The
source of these basalts is uncertain but may be plume-
modified subcontinental lithosphere.

Finaly, despitethe progressmadeinthelast few years,
much remainsto be done in understanding the origin and
evolution of the SRP volcanic system. It is particularly
important that detailed geochemical and isotopic stud-
ies, based on careful field studies and modern geologic
maps, distinguish between events of different ages and
locations. These age-location relationships are especially
important in the western SRP, where major changes in
tectonic regimes occurred during the Neogene.
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